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[Name of Document] Specification 

[Title of the Invention] NOVEL STYEYL COMPOUND AND ORGANIC 
ELECTROLUMINESCENCE DEVICE 
[What is claimed is] 

1. A novel styryl compound represented by the following general formula 
(1): 

[Chemical formula 1] 




wherein R 1 to R 10 each independently represent a substituted or 
unsubstituted alkyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted alkoxyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted aryl group having 6 to 20 carbon atoms, a substituted or 
unsubstituted aryloxyl group having 6 to 18 carbon atoms, a substituted or 
unsubstituted condensed polycyclic group having 6 to 30 carbon atoms, a 
substituted or unsubstituted heterocyclic group having 5 to 30 carbon 
atoms, amino group, an alkylamino group having 2 to 30 carbon atoms, an 
arylamino group having 6 to 30 carbon atoms, cyano group, nitro group, 
hydroxyl group or a halogen atom, and adjacent groups may be bonded to 
each other and form a saturated or unsaturated carbon ring; and 

A, B, C and D each independently represent a substituted or 
unsubstituted alkyl group having 1 to 20 carbon atoms or a substituted or 
unsubstituted aryl group having 6 to 40 carbon atoms, and at least two of 
A, B, C and D each represent a group represented by -Ari-Ar 2 , Ar* 
representing a substituted or unsubstituted phenylene group or 
naphthalene group and Ar 2 representing a substituted or unsubstituted 
aryl group having 6 to 34 carbon atoms, excluding a case in which A and C 
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represent biphenyl group and B and D represent phenyl group. 



2. A novel styryl compound represented by the following general formula 



unsubstituted alkyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted alkoxyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted aryl group having 6 to 20 carbon atoms, a substituted or 
unsubstituted aryloxyl group having 6 to 18 carbon atoms, a substituted or 
unsubstituted condensed polycyclic group having 6 to 30 carbon atoms, a 
substituted or unsubstituted heterocyclic group having 5 to 30 carbon 
atoms, amino group, an alkylamino group having 2 to 30 carbon atoms, an 
arylamino group having 6 to 30 carbon atoms, cyano group, nitro group, 
hydroxyl group or a halogen atom, and adjacent groups may be bonded to 
each other and form a saturated or unsaturated carbon ring; and 

A', B', C and D' each independently represent a substituted or 
unsubstituted alkyl group having 1 to 20 carbon atoms or a substituted or 
unsubstituted aryl group having 6 to 40 carbon atoms, and A 5 and C each 
represent a substituted or unsubstituted condensed hydrocarbon group 
having 2 to 5 rings. 

3. An organic electroluminescence device comprising a pair of electrodes 
and a film of organic compounds which is disposed between the pair of 
electrodes and comprises a single layer or a plurality of layers comprising 



(2): 




(2) 
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at least a light emitting layer, wherein at least one of the layers of the film 
of organic compounds comprises a novel styryl compound described in 
Claim 1 or Claim 2. 

4. An organic electroluminescence device comprising a pair of electrodes 
and a film of organic compounds which is disposed between the pair of 
electrodes and comprises a single layer or a plurality of layers comprising 
at least a light emitting layer, wherein the light emitting layer comprises a 
novel styryl compound described in Claim 1 or Claim 2. 

5. An organic electroluminescence device comprising a pair of electrodes 
and a film of organic compounds which is disposed between the pair of 
electrodes and comprises a single layer or a plurality of layers comprising 
at least a light emitting layer, wherein an electron injecting layer or a hole 
injecting layer comprises a novel styryl compound described in Claim 1 or 
Claim 2. 

6. An organic electroluminescence device according to Claim 4, wherein a 
layer of an inorganic compound is disposed between the light emitting 
layer described above and the electrode. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to a novel styryl compound and an 
organic electroluminescence device and, more particularly, to an organic 
electroluminescence device having excellent heat resistance, a high light 
emission efficiently and a long life and emitting blue light of a high purity 
and a novel styryl compound providing the advantageous properties to the 
organic electroluminescence device. 
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[0002] 

[Prior Art] 

Organic electroluminescence (referred to as EL, hereinafter) devices 
utilizing an organic compound, are used for a light source for a planar 
light emitting member such as a wall televisions and a back light of 
displays and the like, and the development of EL devices has been widely 
conducted. As an area of such development, the development of a 
material used for a light emitting device which emits blue light at a high 
efficiency and has a long life has been conducted. 

For example, a stilbene compound and a device using the stilbene 
compound are disclosed in EP0610514. However, the disclosed device 
shows a poor purity of color and has a short life although blue light is 
emitted at a high efficiency and cannot be practically used. 

For practical application of a device as a blue color pixel of a color 
display, specifically, it is necessary that the coordinate of the chromaticity 
is about (0.16, 0.19) and the y-coordinate of the chromaticity be smaller 
than 0.18 and the half- life be 10,000 hours or longer. 

[0003] 

[Problems to be solved by the Invention] 

The present invention has been made to overcome the above problem 
and has an object of providing an organic EL device having excellent heat 
resistance, a high light emission efficiently and a long life and emitting 
blue light of a high purity and a novel styryl compounds providing the 
advantageous properties to the organic electroluminescence device. 

[0004] 

[Means for solving Problem] 

As the result of extensive studies by the present inventors to develop 
the organic electroluminescence device (referred to as organic EL device, 
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hereinafter) having the above advantageous properties, it was found that, 
when a novel styryl compound having a specific structure is added to a film 
of organic compounds, the obtained organic EL device had improved heat 
resistance and life, achieved a high efficiency of light emission due to 
improved transportation of holes and electrons and emitted blue light of an 
improved purity. The present invention has been completed based on the 
knowledge. 

[0005] 

The present invention provides a novel styryl compound represented 
by the following general formula (1): 
[Chemical formula 3] 




wherein Rl to each independently represent a substituted or 
unsubstituted alkyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted alkoxyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted aryl group having 6 to 20 carbon atoms, a substituted or 
unsubstituted aryloxyl group having 6 to 18 carbon atoms, a substituted or 
unsubstituted condensed polycyclic group having 6 to 30 carbon atoms, a 
substituted or unsubstituted heterocyclic group having 5 to 30 carbon 
atoms, amino group, an alkylamino group having 2 to 30 carbon atoms, an 
arylamino group having 6 to 30 carbon atoms, cyano group, nitro group, 
hydroxyl group or a halogen atom, and adjacent groups may be bonded to 
each other and form a saturated or unsaturated carbon ring; and 

A, B, C and D each independently represent a substituted or 
unsubstituted alkyl group having 1 to 20 carbon atoms or a substituted or 
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unsubstituted aryl group having 6 to 40 carbon atoms, and at least two of 
A, B, C and D each represent a group represented by -Ar-L-Ar 2 Arl 
representing a substituted or unsubstituted phenylene group or 
naphthalene group and Ar 2 representing a substituted or unsubstituted 
aryl group having 6 to 34 carbon atoms, excluding a case in which A and C 
represent biphenyl group and B and D represent phenyl group; and 
[0006] 

A novel styryl compound represented by the following general formula 

( 2 ): 

[Chemical formula 4] 




wherein Rl to RlO are as defined above; and 

A', B\ C and D' each independently represent a substituted or 
unsubstituted alkyl group having 1 to 20 carbon atoms or a substituted or 
unsubstituted aryl group having 6 to 40 carbon atoms, and A' and C each 
represent a substituted or unsubstituted condensed hydrocarbon group 
having 2 to 5 rings. 

The present invention further provides an organic 
electroluminescence device comprising a pair of electrodes and a film of 
organic compounds which is disposed between the pair of electrodes and 
comprises a single layer or a plurality of layers comprising at least a light 
emitting layer, wherein at least one of the layers of the film of the organic 
compounds comprises a novel styryl compound described above. 
[0007] 

[Preferred embodiment of the invention] 

The novel styryl compound of the present invention is represented by 
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the above general formula (1) or (2). 

In general formulae (1) and (2), Rl to RlO each independently 
represent a substituted or unsubstituted alkyl group having 1 to 30 carbon 
atoms, a substituted or unsubstituted alkoxyl group having 1 to 30 carbon 
atoms, a substituted or unsubstituted aryl group having 6 to 20 carbon 
atoms, a substituted or unsubstituted aryloxyl group having 6 to 18 carbon 
atoms, a substituted or unsubstituted condensed polycyclic group having 6 
to 30 carbon atoms, a substituted or unsubstituted heterocyclic group 
having 5 to 30 carbon atoms, amino group, an alkylamino group having 2 
to 30 carbon atoms, an arylamino group having 6 to 30 carbon atoms, 
cyano group, nitro group, hydroxyl group or a halogen atom, and adjacent 
groups may be bonded to each other and form a saturated or unsaturated 
carbon ring. 

In general formula (1), A, B, C and D each independently represent a 
substituted or unsubstituted alkyl group having 1 to 20 carbon atoms or a 
substituted or unsubstituted aryl group having 6 to 40 carbon atoms, and 
at least two of A, B, C and D each represent a group represented by -Arl- 
Ar2, wherein Arl represents a substituted or unsubstituted phenylene 
group or naphthalene group and Ar^ represents a substituted or 
unsubstituted aryl group having 6 to 34 carbon atoms. However, the case 
- in which A and C represent biphenyl group and B and D represent phenyl 
group is excluded. 

In general formula (2), A', B', C and D' each independently represent a 
substituted or unsubstituted alkyl group having 1 to 20 carbon atoms or a 
substituted or unsubstituted aryl group having 6 to 40 carbon atoms, and 
A* and C each represent a substituted or unsubstituted condensed 
hydrocarbon group having 2 to 5 rings. 

[0008] 

The organic EL device of the present invention comprises a pair of 
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electrodes and a film of organic compounds which is disposed between the 
pair of electrodes and comprises a single layer or a plurality of layers 
comprising at least a light emitting layer, wherein at least one of the layers 
of the film of organic compounds comprises a novel styryl compound 
described above. 

It is preferable that the above light emitting layer comprises the 
novel styryl compound described above. It is also preferable that an 
electron injecting layer or a hole injecting layer comprises the novel styryl 
compound described above. 

A layer of an inorganic compound may be disposed between the 
above light emitting layer and the electrode. 

The heat resistance, the efficiency of light emission, the life and the 
purity of the emitted blue light of the organic EL device are improved by 
introducing the above novel styryl compound into at least one of the layers 
in the film of organic compounds because the styryl compound has an 
excellent fluorescent property and the fluorescent spectrum has a peak at 
a short wave length. Moreover, the change of the film comprising the said 
novel styryl compound by heat is suppressed since the novel styryl 
compound described above has hydrocarbon ring groups having 8 rings or 
more and, occasionally, hydrocarbon ring groups having 10 rings or more 
and the molecular weight is high. 

[0009] 

In the novel styryl compound of the present invention, examples of 
the aryl group include phenylene group, naphthyl group, anthryl group, 
acenaphthenyl group, fluorenyl group, phenanthryl group, indenyl group, 
pyrenyl group, fluoranthenyl group, and the like. 

Typical examples of the novel styryl compound of the present 
invention are shown in the following as compounds (1) to (22). However, 
the novel styryl compound of the present invention is not limited to the 



8 



compounds shown as the examples. 

[0010] 
[Chemical formula 5] 
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[0011] 

[Chemical formula 6] 
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[0012] 

[Chemical formula 7] 




CO) . ■ • (12) 
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[0013] 

[Chemical formula 8] 
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[0014] 

[Chemical formula 9] 




[0015] 

[Chemical formula 10] 




[0016] 

The organic EL device of the present invention is a device comprising 
a film of organic compounds having a single layer or a plurality of layers 
disposed between an anode and a cathode. When the film of organic 
compounds has a single layer, a light emitting layer is disposed between 
the anode and the cathode. The light emitting layer comprises a light 
emitting material and may further comprise a hole injecting material or 
an electron injecting material to transport holes injected from the anode 
or electrons injected from the cathode, respectively, to the light emitting 
material. However, it is preferable that the light emitting material has a 
very high fluorescent quantum efficiency and a combination of an 
excellent ability of transporting holes and an excellent ability of 
transporting electrons and can form a uniform thin film. When the film 
of organic compounds in the organic EL device has a plurality of layers, 
the organic EL device has a laminate structure of a plurality of layers 
such as (an anode / a hole injecting layer / a light emitting layer / a 
cathode), (an anode / a light emitting layer / an electron injecting layer / a 
cathode) and (an anode / a hole injecting layer / a fight emitting layer / an 
electron injecting layer / a cathode). 

[0017] 

In the light emitting layer, conventional light emitting materials, 
doping materials, hole injection materials and electron injecting materials 
may further be used in addition to the novel styryl compound of the 
present invention, where necessary. It is preferable that the novel styryl 
compound is used for introducing into a layer selected from the light 
emitting layer, the electron injecting layer, the hole transporting layer 
and the hole injecting layer in a concentration of 0.1 to 20% by weight and 
more preferably in a concentration of 1 to 10% by weight. 

By forming the organic EL device in a multi-layer structure, 
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decreases in the luminance and the life due to quenching can be prevented. 
Where necessary, light emitting materials, other doping materials, hole 
injecting materials and electron injecting materials may be used in 
combination. By using other doping materials, the luminance and the 
efficiency of the light emission can be improved and red light or white 
light can be emitted. The hole injecting layer, the light emitting layer 
and the electron injecting layer may be each formed in a laminate 
structure having two or more layers. When the hole injecting layer has a 
laminate structure having two or more layers, a layer into which holes are 
injected from the electrode is called the hole injecting layer and a layer 
which receives the holes from the hole injecting layer and transports the 
holes to the light emitting layer is called the hole transporting layer. 
Similarly, when the electron injecting layer has a laminate structure 
having two or more layers, a layer into which electrons are injected from 
the electrode is called the electron injecting layer and a layer which 
receives the electrons from the electron injecting layer and transports the 
electrons to the light emitting layer is called the electron transporting 
layer. The layer is selected and used in accordance with the properties of 
the material such as the energy level, heat resistance and adhesivity to 
the film of organic compounds or the metal electrodes. 

[0018] 

As the light emitting material or a host material which can be used 
for the film of organic compounds in combination with the novel styryl 
compound, condensed polycyclic aromatic compounds can be used. 
Examples of the polycyclic aromatic compound include anthracene, 
naphthalene, phenanthrene, pyrene, tetracene, pentacene, coronene, 
chrysene, fluorescein, perylene, rubrene, and derivatives of these 
compounds. And further, phthaloperylene, naphthaloperylene, perynone, 
phthaloperynone, naphthaloperynone, diphenylbutadiene, 
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tetraphenylbutadiene, coumarine, oxadiazole, aldazine, bisbenzoxazoline, 
bisstyryl, pyrazine, cyclopentadiene, metal complexes of quinoline, metal 
complexes of aminoquinoline, metal complexes of benzoquinoline, imines, 
diphenylethylene, vinylanthracene, diamino-carbazole, pyrane, thiopyrane, 
polymethine, merocyanine, oxinoid compounds chelated with imidazole, 
quinacridone, rubrene, stilbene and derivatives of the above compounds. 
However, the polycyclic aromatic compound is not limited to the above 
compounds described as the examples. 

[0019] 

As the hole injecting material, compounds having the ability of 
transporting holes, exhibiting the effect of injecting holes from the anode 
and the excellent effect of injecting holes to the light emitting layer or the 
light emitting material, preventing transfer of excited particles formed in 
the light emitting layer into the electron injecting layer or the electron 
injecting material and having the excellent ability of forming a thin film 
are preferable. Examples of the hole injecting material include 
phthalocyanine derivatives, naphthalocyanine derivatives, porphyrin 
derivatives, oxazole, oxadiazole, triazole, imidazole, imidazolone, 
imdazolethione, pyrazoline, pyrazolone, tetrahydroimidazole, oxazole, 
oxadiazole, hydrazone, acylhydrazone, polyarylalkanes, stilbene, 
butadiene, triphenylamines of the benzidine type, triphenylamines of the 
styrylamine type, triphenylamines of the diamine type, derivatives of the 
above compounds and macromolecular materials such as 
polyvinylcarbazole, polysilane and electrically conductive macromolecular 
compounds. However, the hole injecting material is not limited to the 
compounds described above as the examples. 

[0020] 

Among the hole injecting materials which can be used in the organic 
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EL device of the present invention, aromatic tertiary amine derivatives 
and phthalocyanine derivatives are more effective. 

Examples of the aromatic tertiary amine derivative include 
triphenylamine, tritolylamine, tolyldiphenylamine, NjN'-ctiphenyl-NjN'-^- 
methylphenyl)-l,l'-biphenyl-4, ^-diamine, N ; N,N',N 5 -(4-methylphenyl)- 
1, l'-phenyl-4, 4'-diamine, N ) N,N , ,N , -(4-methylphenyl)-l ) l'-biphenyl-4 ) 4 ? - 
diamine, NjN'-diphenyl-^N'-dinaphthyl-l, r-biphenyl-4,4'-chamine, N,N'- 
(methylphenyl)-N,N , -(4-n-butylphenyl)phenanthrene-9,10-diamine, N,N- 
bis(4-di-4-tolylaminophenyl)-4-phenylcyclohexane and oKgomers and 
polymers having the skeleton structure of the aromatic tertiary amine 
described above. However, the aromatic tertiary amine derivative is not 
limited to the compounds described above as the examples. 

Examples of the phthalocyanine (Pc) derivative include 
phthalocyanine derivatives and naphthalocyanine derivatives such as 
H2PC, CuPc, CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, ClAlPc, CIGaPc, CllnPc, 
CISnPc, Cl 2 SiPc, (HO)AlPc, (HO)GaPc, VOPc, TiOPc, MoOPc, GaPc-O- 
GaPc, and the like. However, the phthalocyanine derivative is not limited 
to the compounds described above as the examples. 



[0021] 

As the electron injecting material, compounds having the ability of 
transporting electrons, exhibiting the effect of injecting electrons from the 
cathode and the excellent effect of injecting electrons into the light 
emitting layer or the light emitting material, preventing transfer of excited 
particles formed in the light emitting layer into the hole injecting layer and 
having the excellent ability of forming a thin film are preferable. 
Examples of the electron injecting material include fluorenone, 
anthraquinodimethane, diphenoquinone, thiopyrane dioxide, oxazole, 
oxadiazole, triazole, imidazole, perylenetetracarboxylic acid, 
fluorenylidenemethane, anthraquinodimethane, anthrone and the like and 
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derivatives of these compounds. However, the electron injecting material 
is not limited to the compounds described above as the examples. The 
charge injecting property can be improved by adding an electron accepting 
substance to the hole injecting material or an electron donating substance 
to the electron injecting material. 

[0022] 

In the organic EL device of the present invention, metal complex 
compounds and five-membered ring derivatives containing nitrogen are 
more effective as the electron injecting material. 

Examples of the metal complex compound include 8- 
hydroxyquinolinato) lithium, bis(8-hydroxy quinolinato) zinc, bis(8- 
hydroxyquinolinato)copper, bis(8-hydroxyquinolinato)manganese, tris(8- 
hydroxyquinohnato) aluminum, tris(2-methyl-8- 

hydroxyquinoHnato)aluminum, tris(8-hydroxyquinohnato)gallium, bis(10- 
hydroxybenzo [h] -quinolinato) beryllium, bis( 10- 
hydroxybenzo [h] quinolinato) zinc, bis(2-methyl-8- 

quinolinato)chlorogallium, bis(2-methyl-8-quinohnato)(o-cresolato)gallium J 
bis(2-methyl-8-qxiinolinato)(l-naphtholato)aluminum, bis(2-methyl-8- 
quinolinato)(2-naphtholato)gaUium, and the like. However, the metal 
complex compound is not limited to the compounds described above as the 
examples. 

[0023] 

As the five-membered ring derivative containing nitrogen, 
derivatives of oxazole, thiazole, oxadiazole, thiadiazole and triazole are 
preferable. Examples of such compounds include 2,5-bis(l-phenyl)-l ) 3,4- 
oxazole, dimethylPOPOP, 2,5-bis(l-phenyl)-l,3,4-thiazole, 2,5-bis(l- 
phenyl)-l,3,4-oxadiazole, 2-(4 , -tert-butylphenyl)-5-(4"-biphenyl)-l,3,4- 
oxadiazole, 2,5-bis(l-naphthyl)-l,3,4-oxadiazole, l,4-bis[2-(5-phenyl- 
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oxadiazolyl)]benzene, l,4-bis[2-(5-phenyloxadiazolyl)-4-tert-butylbenzene], 
2-(4'-tert butylphenyl)-5-(4 ,J -biphenyl)-l,3,4-thiadiazole J 2,5-bis(l- 
naphthyl)-l,3,4-thiadiazole, l,4-bis[2-(5-phenylthiadiazolyl)]benzene, 2- 
(4 J -tert-butylphenyl)'5-(4"-biphenyl)-l,3,4-triazole, 2,5-bis(l-naphthyl)- 
1,3,4-triazole, l,4-bis[2-(5-phenyltriazolyl)]benzene, and the like. 
However, the five-membered ring derivative containing nitrogen is not 
limited to the compounds described above as the examples. 

In the present invention, a layer of an inorganic compound may be 
disposed between the light emitting layer and the electrode to improve the 
charge injecting property. As the inorganic compound used for the layer 
of an inorganic compound, alkali metal compounds such as fluorides and 
oxides of alkali metals and alkaline earth metals compounds can be used. 
Examples of the inorganic compound include LiF, Li20, BaO, SrO, BaF2, 
SrF2 and the like. 

[0024] 

As the electrically conductive material used for the anode of the 
organic EL device, materials having a work function greater than 4 eV are 
suitable. Examples of such materials include carbon, aluminum, 
vanadium, iron, cobalt, nickel, tungsten, silver, gold, platinum, palladium, 
and the like, alloys of these metals, metal oxides used for ITO substrates 
and NESA substrates such as tin oxide and indium oxide and organic 
electrically conductive resins such as polythiophene, polypyrrole, and the 
like. As the electrically conductive material used for the cathode, 
materials having a work function smaller than 4 eV are suitable. 
Examples of such materials include magnesium, calcium, tin, lead, 
titanium, yttrium, lithium, ruthenium, manganese, aluminum and the like 
and alloys of these materials. However, the materials for the electrodes 
are not limited to the materials described above as the examples. Typical 
examples of the alloy include magnesium/silver alloys, magnesium/indium 
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alloys and lithium/aluminum alloys and the like. However, the alloy is 
not limited to the alloys described above as the examples. The 
composition of the alloy is controlled by the temperature of the sources of 
vapor deposition, the atmosphere and the degree of vacuum and is selected 
suitably. The anode and the cathode may have a laminate structure 
having two or more layers, where necessary. 

[0025] 

To obtain efficient light emission from the organic EL device, it is 
preferable that at least one face of the device is sufficiently transparent in 
the region of the wavelength of the light emitted by the device. It is 
preferable that the substrate is also transparent. The transparent 
electrode is prepared by using the above electrically conductive material in 
accordance with a suitable process such as the vapor deposition and the 
sputtering in a manner such that the specific transparency can be obtained. 
It is preferable that the electrode at the side of the light emitting face has a 
transmittance of the emitted light of 10% or greater. The substrate is not 
particularly limited as long as the substrate has a mechanical strength, 
shows strength at high temperatures and is transparent. Examples of 
the substrate include glass substrates and transparent films of resins. 
Examples of the transparent films include films of resins such as 
polyethylene, copolymers of ethylene and vinyl acetate, copolymers of 
ethylene and vinyl alcohol, polypropylene, polystyrene, polymethyl 
methacrylate, polyvinyl chloride, polyvinyl alcohol, polyvinyl butyral, 
nylon, polyether ether ketones, polysulfones, polyether sulfones, 
copolymers of tetrafluoroethylene and perfluoroalkyl vinyl ethers, 
polyvinyl fluoride, copolymers of tetrafluoroethylene and ethylene, 
copolymers of tetrafluoroethylene and hexafluoropropylene, poly- 
chlorotrifluoroethylene, polyvinylidene fluoride, polyesters, polycarbonates, 
polyurethanes, polyimides, polyether imides, polyimides, polypropylene, 
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and the like. 



[0026] 

To improve the stability of the organic EL device of the present 
invention to heat, moisture, the atmosphere and the like, a protective layer 
may be formed on the surface of the device or the entire device may be 
coated with a silicone oil or a resin for protection. 

For forming each layers in the organic EL device, any process can be 
selected from dry processes for film formation such as the vacuum vapor 
deposition process, the sputtering process, the plasma process, the ion 
plating process and the like, and wet processes for film formation such as 
the spin coating process, the dipping process, the flow coating process and 
the like. The thickness of the film is not particularly limited. It is 
necessary that the thickness of the film be set within a suitable range. 
When the thickness of the film is greater than the suitable range, it is 
necessary that a great voltage be applied to obtain a specific output of the 
light and the efficiency decreases. When the thickness of the film is 
smaller than the suitable range, pin holes and the like are formed and a 
sufficient luminance cannot be obtained when an electric field is applied. 
In general, it is preferable that the thickness of the film is in the range of 5 
nm to 10 jjl m and more preferably in the range of 10 nm to 0.2 jjl m. 

[0027] 

When a wet process for the film formation is used, the material for 
forming each layer is used for forming the thin film after the material is 
dissolved or dispersed in a suitable solvent such as ethanol, chloroform, 
tetrahydrofuran, dioxane, and the like. As the solvent, any of the above 
solvents can be used. In any of the layers of the organic thin films, 
suitable resins or additives may be used for improving the properties of the 
films and preventing formation of pin holes. Examples of the resin which 
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can be used include insulating resins such as polystyrene, polycarbonates, 
polyarylates, polyesters, polyamides, polyurethanes, polysulfones, 
polymethyl methacrylate, polymethyl acrylate, cellulose and copolymers of 
these resins; photoconductive resins such as poly-N-vinylcarbazole, 
polysilane and the like; and electrically conductive resins such as 
polythiophene, polypyrrole, and the like. Examples of the additive 
include antioxidants, ultraviolet light absorbents, plasticizers, and the 
like. 
[0028] 

The organic EL device of the present invention can be used, for 
example, for a planar light emitting member for a flat panel display of wall 
televisions, a back light of copiers, printers and liquid crystal displays, a 
light source for instruments, a display panel, a marking light, and the like. 

[0029] 
[Example] 

The present invention will be described more specifically with 
reference to Synthesis Examples and Examples in the following. 

Synthesis Example 1 (Compound (1)) 



Compound (1) was synthesized in accordance with the following route 
of reactions: 

[Chemical formula 11] <f~~S 




[0030] 

Into a 200 ml three-neck flask equipped with a condenser, 2.8 g (10 
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mmole) of 4,4'-diaminostilbene dihydrochloride, 10.3 g (44 mmole) of 
4-bromobiphenyl, 0.14 g (1.5% by mole) of tris(dibenzylideneacetone)- 
dipalladium, 0.06 g (3% by mole) of tri-t-butylphosphine, 4.2 g (44 mmole) 
of sodium t-butoxide and 100 ml of dry toluene were placed in a stream of 
argon and the resultant mixture was stirred under heating at 100°C for 
one night. After the reaction was completed, precipitated crystals were 
separated by filtration and washed with 100 ml of methanol and 4.9 g of a 
yellow powder was obtained. The obtained product was identified to be 
compound (l) by the measurements in accordance with NMR, IR and 
FD-MS (the field desorption mass spectrum) (the yield: 60%). The NMR 
chart of compound (l) is shown in Figure 1. 
[0031] 

Synthesis Example 2 (Compound (2)) 

Compound (2) was synthesized in accordance with the following route 
of reactions: 
[Chemical formula 12] Br 




Synthesis of intermediate A 

Into a flask, 150 g (0.6 mole) of 4-bromobenzyl bromide and 299 g (1.8 
mole) of ethyl phosphite were placed and the resultant mixture was stirred 
under the condition of refluxing for 18 hours. After the reaction was 
completed, the solvent was removed from the reaction mixture by 
distillation under reduced pressure. From the residue of the distillation, 
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ethyl phosphite was removed by distillation under further reduced 
pressure (bp. 75°C/2 torr) and 185 g (the yield: 100%) of the object 
substance was obtained as the residue of the distillation. 
Synthesis of intermediate B 

Into a solution containing 185 g (0.6 mole) of intermediate A, 134 g 
(0.72 mole) of 4-bromobenzaldehyde and 1850 ml of dime thy lsulfoxide, 81 g 
(0.72 mole) of potassium t-butoxide was added in small portions over 30 
minutes and the resultant mixture was stirred at the room temperature 
for 18 hours. To the obtained reaction mixture, 3 liters of water was 
added. After the resultant product was dispersed and filtered, crystals 
were obtained. To the obtained crystals, 3 liters of water was added again 
and the resultant product was dispersed and filtered. The obtained 
crystals were washed with water and hexane, successively. The crude 
crystals were then purified by recrystallization from ethyl acetate and 151 
g (the yield: 74%) of intermediate B as the object substance was obtained. 

[0033] 

Synthesis of intermediate C 

Into a flask, 130 g (0.38 mole) of intermediate B, 143 g (1.54 mole) of 
aniline, 5.3 g (1.5% by mole) of tris(dibenzylideneacetone)- 
dipalladium, 2.3 g (3% by mole) of tri-t-butylphosphine, 92.4 g (0.96 
mmole) of sodium t-butoxide and 2 liters of dry toluene were added and the 
resultant mixture was stirred under heating at 100°C for one night. After 
the reaction was completed, precipitated crystals were separated by 
filtration and washed with methanol. The crude crystals were then 
purified by silica gel column chromatography and 50 g (the yield: 36%) of 
intermediate C as the object substance was obtained. 

Synthesis of compound (2) 

Into a 200 ml three-neck flask equipped with a condenser, 3.6 g (10 
mmole) of intermediate C, 4.6 g (22 mmole) of 2-bromonaphthalene, 0.14 g 



25 



(1.5% by mole) of tris(dibenzyfideneacetone)-dipaUadium, 0.06 g (3% by 
mole) of tri-t-butylphosphine, 4.2 g (44 mmole) of sodium t-butoxide and 
100 ml of dry toluene were placed in a stream of argon and the resultant 
mixture was stirred under heating at 100°C for one night. After the 
reaction was completed, precipitated crystals were separated by filtration 
and washed with 100 ml of methanol and 5.2 g of a yellow powder was 
obtained. The obtained product was identified to be compound (2) by the 
measurements in accordance with NMR, IR and FD-MS (the yield: 85%). 
The NMR chart of compound (2) is shown in Figure 2. 



[0034] 

Synthesis Example 3 (Compound (3)) 



Compound (3) was synthesized in accordance with the following route 
of reactions^ 
[Chemical formula 13] 




Compound (3) 



Into a 200 ml three-neck flask equipped with a condenser, 3.6 g (10 
mmole) of intermediate C, 5.6 g (22 mmole) of 9-bromophenanthrene, 0.14 
g (1.5% by mole) of tris(dibenzyhdeneacetone)dipalladium, 0.06 g (3% by 
mole) of tri-t-butylphosphine, 4.2 g (44 mmole) of sodium t-butoxide and 
100 ml of dry toluene were placed in a stream of argon and the resultant 
mixture was stirred under heating at 100°C for one night. After the 
reaction was completed, precipitated crystals were separated by filtration 
and washed with 100 ml of methanol and 5.7 g of a yellow powder was 
obtained. The obtained product was identified to be compound (3) by the 
measurements in accordance with NMR, IR and FD-MS (the yield: 80%). 
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The NMR chart of compound (3) is shown in Figure 3. 
[0036] 

Synthesis Example 4 (Compound (4)) 



Compound (4) was synthesized in accordance with the following route 
of reactions : 
[Chemical formula 14] 




[0037] 



Into a 200 ml three-neck flask equipped with a condenser, 3.6 g (10 
mmole) of intermediate C, 5.2 g (22 mmole) of 2-bromo-6-methoxy- 
naphthalene, 0.14 g (1.5% by mole) of tris(dibenzylideneacetone)- 
dipalladium, 0.06 g (3% by mole) of tri-t-butylphosphine, 4.2 g (44 mmole) 
of sodium t-butoxide and 100 ml of dry toluene were placed in a stream of 
argon and the resultant mixture was stirred under heating at 100°C for 
one night. After the reaction was completed, precipitated crystals were 
separated by filtration and washed with 100 ml of methanol and 5.4 g of a 
yellow powder was obtained. The obtained product was identified to be 
compound (4) by the measurements in accordance with NMR, IR and 
FD-MS (the yield: 80%). The NMR chart of compound (4) is shown in 
Figure 4. 

[0038] 

Synthesis Example 5 (Compound (5)) 

Compound (5) was synthesized in accordance with the following route 
of reactions : 
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[Chemical formula 15] 




Synthesis of intermediate D 

Into a 200 ml three-neck flask equipped with a condenser, 12.5 g (44 
mmole) of p-bromoiodobenzene, 12. 7g (40 mmole) of 2-naphthylboric acid, 
0.7 g (1.5% by mole) of tetrakis(triphenylphosphine) -palladium, 0.06 g (0.12 
mole) of sodium carbonate, 80 ml of toluene and 60 ml of water were placed 
and the resultant mixture was stirred under heating for one night. After 
the reaction was completed, precipitated crystals were separated by 
filtration and washed with 100 ml of methanol. The crude crystals were 
purified by recrystallization from ethyl acetate and 9.0g (the yield: 72%) of 
intermediate D as the object substance was obtained. 

Synthesis of compound (5) 

Into a 200 ml three-neck flask equipped with a condenser, 3.6 g (10 
mmole) of intermediate C, 6.2 g (22 mmole) of intermediate D, 0.14 g (1.5% 
by mole) of tris(dibenzylideneacetone)dipalladium, 0.06 g (3% by mole) of 
tri-t-butylphosphine, 4.2 g (44 mmole) of sodium t-butoxide and 100 ml of 
dry toluene were placed in a stream of argon and the resultant mixture 
was stirred under heating at 100°C for one night. After the reaction was 
completed, precipitated crystals were separated by filtration and washed 
with 100 ml of methanol and 6.5 g of a yellow powder was obtained. The 
obtained product was identified to be compound (5) by the measurements 
in accordance with NMR, IR and FD-MS (the yield: 85%). The NMR chart 
of compound (5) is shown in Figure 5. 
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[0040] 
Example 1 

A glass substrate (manufactured by GEOMATEC Company) of 25 mm 
X 75 mm X 1. 1 mm thickness having an ITO transparent electrode was 
cleaned by application of ultrasonic wave in isopropyl alcohol for 5 minutes 
and then by exposure to ozone generated by ultraviolet light for 30 minutes. 
The glass substrate having the transparent electrode lines which had been 
cleaned was attached to a substrate holder of a vacuum vapor deposition 
apparatus. On the surface of the cleaned substrate at the side having the 
transparent electrode, a film of N ) N'-bis(N ) N'-diphenyl-4-aminophenyl)- 
HN'-diephenyl-^^-diamino-l^'-biphenyl (referred to as TPD232, 
hereinafter) having a thickness of 60 nm was formed so that the formed 
film covered the above transparent electrode. The formed film of TPD232 
worked as the first hole injecting layer (the hole transporting layer). 
Then, on the formed film of TPD232, a film of 4,4'-bis[N-(l-naphthyl)-N- 
phenylaminoj-biphenyl (referred to as NPD, hereinafter) having a 
thickness of 20 nm was formed. The formed film of NPD worked as the 
second hole injecting layer (the hole transporting layer). On the formed 
film of NPD, 4 , ,4 ,, -bis(2,2-diphenylvinyl)-9 J 10-biphenyl (referred to as 
DPVBI, hereinafter) and compound (1) synthesized above were binary 
vacuum vapor deposited so that a film having a thickness of 40 nm and 
containing 2.5% by weight of compound (1) was formed. The film of 
DPVBI and compound (1) worked as the light emitting layer. On the film 
formed above, a film of tris(8-quinolinol) aluminum (referred to as Alq, 
hereinafter) having a thickness of 20 nm was formed. The film of Alq 
worked as the electron injecting layer. Thereafter, Li (the source of 
lithium: manufactured by SAES GETTERS Company) and Alq were binary 
vapor deposited and an AlqrLi film was formed as the electron injecting 
layer (the cathode). On the formed Alq: Li film, metallic aluminum was 
vapor deposited to form a metal cathode and an organic El device was 
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prepared. 

When a direct current voltage of 6 V was applied to the organic EL 
device prepared above, blue light of a high purity having a chromaticity of 
(0.15, 0.16) was emitted at a luminance of 275 cd/m^ and an efficiency of 
light emission of 4.5 cd/A. The half-life was as long as 12,000 hours in the 
life test in which the device was driven under a constant current at an 
initial luminance of 100 cd/m^. 



[0041] 
Example 2 

A glass substrate (manufactured by GEOMATEC Company) of 25 mm 
X 75 mmX 1.1 mm thickness having an ITO transparent electrode was 
cleaned by application of ultrasonic wave in isopropyl alcohol for 5 minutes 
and then by exposure to ozone generated by ultraviolet light for 30 minutes. 
The glass substrate having the transparent electrode lines which had been 
cleaned was attached to a substrate holder of a vacuum vapor deposition 
apparatus. On the surface of the cleaned substrate at the side having the 
transparent electrode, a film of TPD232 having a thickness of 60 nm was 
formed so that the formed film covered the above transparent electrode. 
The formed film of TPD232 worked as the first hole injecting layer (the 
hole transporting layer). Then, on the formed film of TPD232, a film of 
NPD having a thickness of 20 nm was formed. The formed film of NPD 
worked as the second hole injecting layer (the hole transporting layer). 
On the formed film of NPD, 4 ? ,4"-bis(2,2-diphenylvinyl)-9,10- 
biphenylanthracene (referred to as DPVDPAN, hereinafter) and compound 
(2) synthesized above were binary vacuum vapor deposited so that a film 
having a thickness of 40 nm and containing 2.5% by weight of compound 
(2) was formed. The film of DPVDPAN and compound (2) worked as the 
light emitting layer. On the film formed above, a film of Alq having a 
thickness 20 nm was formed. The film of Alq worked as the electron 
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injecting layer. Thereafter, Li (the source of Uthium: manufactured by 
SAES GETTERS Company) and Alq were binary vapor deposited and an 
Alq:Li film was formed as the electron injecting layer (the cathode). On 
the Alq: Li film, metallic aluminum was vapor deposited to form a metal 
cathode and an organic El device was prepared. 

When a direct current voltage of 6 V was applied to the organic EL 
device prepared above, blue light of a high purity having a chromaticity of 

(0.15, 0.16) was emitted at a luminance of 343 cd/m^ and an efficiency of 
light emission of 4. 1 cd/A. This device exhibited a spectrum having a 
peak at about 450 nm and was useful as the light emitting device emitting 
blue fight. The half-life was as long as 9,800 hours in the life test in 
which the device was driven under a constant current at an initial 
luminance of 100 cd/m^. 

[0042] 
Example 3 

An organic EL device was prepared in accordance with the same 
procedures as those conducted in Example 2 except that compound (2) was 
replaced with compound (3). 

When a direct current voltage of 6 V was applied to the organic EL 
device prepared above, blue light of a high purity having a chromaticity of 
(0.15, 0.18) was emitted at a luminance of 103 cd/m^ and an efficiency of 
light emission of 4.4 cd/A. This device exhibited a spectrum having a 
peak at about 460 nm and was useful as the fight emitting device emitting 
blue fight. The half- life was as long as 16,000 hours in the fife test in 
which the device was driven under a constant current at an initial 
luminance of 1000 cd/m^. 



[0043] 
Example 4 
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An organic EL device was prepared in accordance with the same 
procedures as those conducted in Example 2 except that compound (2) was 
replaced with compound (4). 

When a direct current voltage of 6 V was applied to the organic EL 
device prepared above, blue light of a high purity having a chromaticity of 
(0.15, 0.19) was emitted at a luminance of 62 cd/m^ and an efficiency of 
light emission of 4.5 cd/A. This device exhibited a spectrum having a 
peak at about 460 nm and was useful as the light emitting device emitting 
blue light. The half-life was as long as 18,000 hours in the life test in 
which the device was driven under a constant current at an initial 
luminance of 100 cd/m^. 

[0044] 

Comparative Example 1 

An organic EL device was prepared in accordance with the same 
procedures as those conducted in Example 1 except that compound (1) was 
replaced with the following compound: 
[Chemical formula 16] 



When a direct current voltage of 6 V was applied to the organic EL 
device prepared above, blue light was emitted at an efficiency of light 
emission as low as 3 cd/A. The half- life was as short as 2,000 hours in the 
life test in which the device was driven under a constant current at an 




initial luminance of 100 cd/m^. 
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[0045] 

Comparative Example 2 

An organic EL device was prepared in accordance with the same 
procedures as those conducted in Example 1 except that compound (l) was 
replaced with the following compound- 
[Chemical formula 17] 




When a direct current voltage of 6 V was applied to the organic EL 
device prepared above, blue light was emitted at an efficiency of light 
emission as low as 2.7 cd/A. The half- life was as short as 2,300 hours in 
the life test in which the device was driven under a constant current at an 
initial luminance of 100 cd/m 2 . 

[0046] 
[Effect of the Invention] 

As described in detail in the above, the organic electroluminescence 
device utilizing the novel styryl compound of the present invention has 
excellent heat resistance, a high light emission efficiently and a long life 
and emits blue light of a high purity. 

Therefore, the organic electroluminescence device of the present 
invention is useful for a planar light emitting member for wall televisions 
and a light source for a back light of displays. 

[Brief description of the drawings] 

Figure 1 shows a ^Hnmr chart of novel styryl compound (l) of the 
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invention. 

Figure 2 shows a ^H^r chart of novel styryl compound (2) of the 
invention. 

Figure 3 shows a ^HjsjMR chart of novel styryl compound (3) of the 
invention. 

Figure 4 shows a ^Hnmr chart of novel styryl compound (4) of the 
invention. 

Figure 5 shows a ^Hnmr chart of novel styryl compound (5) of the 
invention. 
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[Name of Document] Drawings 
[Fig 1] 
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[Fig 2] 




[Fig 3] 
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[Fig 4] 
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[Name of Document] 



Abstract of the Disclosure 



[Abstract] 
[Object] 

The present invention provides an organic electroluminescence device 
having excellent heat resistance, a high light emission efficiently and a 
long life and emitting blue light of a high purity and a novel styryl 
compound providing the advantageous properties to the organic 
electroluminescence device. 

[Constitution] 

The present invention relates to a novel styryl compound represented 
by the following general formula (l) or (2), and relates to an organic 
electroluminescence device comprising a film of organic compounds which 
comprises at least a light emitting layer, wherein at least one of the layers 
of the film of organic compounds comprises the novel styryl compound. 
[Chemical formula l] 



R 



R 



2 



A 



B 




C 



D 



(1) 



[Chemical formula 2] 




7 



6 



(2) 



R 



wherein R 1 to R 1 ^ each independently represent an alkyl group, an 



alkoxyl group, an aryl group, an aryloxyl group, a condensed polycyclic 
group, a heterocyclic group, amino group, an alkylamino group, an 
arylamino group, cyano group, nitro group, hydroxyl group or a halogen 
atom, adjacent groups may be bonded to each other and form a saturated 
or unsaturated carbon ring, and A, B, C, D, A', B', C and D 5 each 
independently represent a substituted or unsubstituted alkyl group or aryl 
group having a specific structure. 

[Chosen drawing] No Drawings 
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